Introduction
Trichothecenes produced by Fusarium fungi are toxicologically significant mycotoxins in food and feed production. They are characterized by the 12,13-epoxy-thichothec-9-ene ring system. They differ from one another in the number and type of functional groups attached to the ring. The type B trichothecenes, such as deoxynivalenol (DON, vomitoxin) , 3-acetyldeoxynivalenol (3-ADON), 15-acetyldeoxynivalenol (15-ADON), nivalenol (NIV) and fusarenone-X (F-X, 4-acetylnivalenol), are characterized by a carbonyl function at C-8.
The natural occurrence of DON [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] and NIV [1] [2] [3] [4] [5] [6] [7] 9) has been reported in several countries, and they have been found in cereal around the world. However, there are only a few reports of natural occurrence survey of these metabolites, such as 3-ADON [1] [2] [3] 5, 6) , 15-ADON 1,5) and F-X [1] [2] [3] 5, 6) , and trichothecenes in feed 9) . Further more, there has been no report of natural occurrence survey of these analogues in Japanese feeds.
This paper describes the analytical results of the trichothecenes in 21 formula feed samples and 44 feedstuff samples that circulate in Japan. It was analyzed using the gas chromatographic method 
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which was developed [12] [13] [14] [15] [16] as official method 18) for feed analysis (Feed Analysis Standard) in Japan.
Then the detected trichothecenes were confirmed with a gas chromatograph/mass spectrometer (GC/MS) 6, [9] [10] [11] [12] [13] [14] [15] [16] [17] . . Each sample was ground to pass through a 1 mm mesh and thoroughly mixed 18) . The ground samples were stored in closed polyethylene bags in refrigerators until analyzed. 
Materials and Methods

Survey samples
Preparation of standards solution
Each stock standard solution of DON, 3-ADON, 15-ADON, NIV and F-X at 200 µg/ml was prepared with acetonitrile and stored at -20 . The stock standard solutions of 10 µg equivalency as each trichothecene were added to identical 50 ml round bottom flask, and evaporated to dryness under a stream of nitrogen. The trichothecenes were derivatized in same manner. To prepare the mixed derivatized standard solution at concentrations of 0.01~2 µg/ml as each trichothecene for GC, the upper layer was diluted in accuracy with 2,2,4-trimethylpentane.
Analysis of trichothecenes
The trichothecenes were analyzed according to the method reported in the previous paper 11) and showed the following validation data. The analytical mean recoveries of the trichothecenes from milo, barley and two kinds of formula feed spiked at 0.1 and 1 µg/kg ranged from 85.8 to 105.2 %. In the collaborative study using the trichothecenes spiked milo and naturally contaminated formula feed in eight laboratories by this method, the relative standard deviations (RSD) were within 17.3 % in positive trichothecene. Limits of detection for each trichothecene were 10 µg/kg. This method is briefly explained as follows.
1) Extraction and clean-up
Twenty-five grams of the ground sample was weighed into a 200 ml Erlenmeyer flask and extracted with 100 ml of acetonitrile-water (84:16, v/v) 12,14,15) for 60 min on a shaker at 300 per min. Meanwhile, in case of samples as bran, 25 g of the ground samples was weighed into a 300 ml Erlenmeyer flask and extracted with 150 ml of acetonitrile-water (84:16, v/v) for 60 min on a shaker. The extract was centrifuged for 5 min at 760 g. The supernatant was cleaned through to a MFC column [12] [13] [14] [15] . After 3 ml of the first elute was removed, 3 ml of the second elute was collected. A 2 ml portion of the collected elute was transferred to a 50 ml round bottom flask, and was evaporated with rotary evaporator on a water bath of 50 to exsiccation almost and under a stream of nitrogen gas to dryness. The dry residue was subjected to derivatization.
2) Derivatization
A 0.1 ml portion of derivatization agent (TMSI-BSA-TMCS (3:3:2, v/v/v)) [13] [14] [15] [16] was added to the dry residue. The mixture was shaken for 10 sec on a tube shaker and allowed to react for 15 min at room temperature. To remove derivatization agent, 1 ml of 2,2,4-trimethylpentane and 1 ml of water were added. The mixture was shaken for 5 min on shaker and transferred to 10 ml of test tube. After shaking, layers were allowed to separate. The upper layer was transferred to a vial for GC.
3) GC-ECD analysis
A 1 µl portion of the solution was injected into GC-ECD in splitless mode under the following conditions: Helium was used as a carrier gas with a flow-rate of 1 ml/min and nitrogen as makeup gas with a flow-rate of 40 ml/min. The temperatures of an injection port and a detector were 250 and 300 , respectively. The column oven temperature program was: 80 held for 1 min, 20 /min to 180 , 5 /min to 300 . 
4) GC/MS confirmation
Results and Discussion
Natural occurrence of trichothecenes in feedstuffs
The analytical results on the contamination with the trichothecenes in feedstuffs of different origin and in formula feeds for chicken, swine and cattle are summarized in Table 1 . DON was detected in cereals and wheat bran samples except two milo samples. DON in wheat and wheat bran was detected at high concentrations, and the concentrations in the three samples exceeded 1000 µg/kg. The concentrations in maize and barley were 110~370 and 24~200 µg/kg, respectively, and the concentrations in rye and milo were at low levels of less than 100 µg/kg. These results were consistent with those reported by Rafai et al. 7) . DON can be considered as an indicator of other trichothecenes 1) because the samples negative for DON were confirmed to contain no other trichothecenes.
15-ADON was detected in all of seven maize samples, three of four wheat samples and two of five wheat bran samples. However the concentrations of 15-ADON in cereals were at low levels of less than 100 µg/kg.
NIV was detected in two of five milo samples, two of six barley samples, and one of six rye samples. The concentrations of NIV in milo were 130 and 140 µg/kg in positive samples, and the concentrations in barley, rye, wheat and wheat bran were at low levels of less than 100 µg/kg. The ratios of concentration of NIV to the concentration of DON were 4.4~10 with milo, 0.02~0.15 with Vol. 54 (2) , 2004 91 wheat and 0.02 with wheat bran. The results may be considered higher than the incidence and concentration reported by Rafai et al. 7) .
3-ADON and F-X were not detected in any cereal samples analyzed. These results were consistent with those reported by Li et al. 5) and Ryu et al. 9) .
None of the samples of cottonseed, soybean meal and rapeseed meal contained any trichothecenes.
These results were different from those reported by Rafai et al. 7) .
Natural occurrence of trichothecenes in formula feeds
Maize, milo and oil seed meal are used as main feedstuffs of formula feed for chicken and swine. Mean ratios of maize in formula feed for chicken and swine are 52 % and 55 %, respectively. Maize, barley, rye, cereal brans and oil seed meals are used as main feedstuffs of formula feed for cattle. Mean ratios of maize, cereal brans and barley in formula feed for cattle are 42 %, 17 % and 10 %, respectively 20) . Japan has notified a provisional standard for DON with tolerance limits of 4 mg/kg in formula feeds for cattle of 3 months or older and 1 mg/kg in formula feed for other livestock 21) .
DON was detected in all of 21 formula feed samples, and is considered to be of corn, wheat and wheat bran origin. However the concentrations of DON were less than 200 µg/kg and below the tolerance limits. 15-ADON was detected in 13 of 21 formula feed samples, and is considered to be of corn origin. The concentrations of 15-ADON in formula feed were at low levels of less than 100 µg/kg. NIV was detected in five of six formula feed samples for cattle and one of eight formula feed samples for swine. NIV in the former samples is considered to be of cereal origin except maize. NIV in the latter samples is considered to be of milo origin because this sample is formula feed for breeding swine consisting mainly of milo. The concentrations of NIV in formula feed were at low levels of less than 100 µg/kg. 3-ADON and F-X were not detected in any formula feeds analyzed. Formula feed for chicken Formula feed for swine Formula feed for cattle * 1 3-ADON and F-X were not detected in any sample. * 2 Not detected. Limits of detection for each trichothecene were 10 µg/kg. 
